there is a deviation of 1.8σ for the R(D) and 3.3σ for the R(D * ) and the combination corresponds close to a 3.8σ deviation from SM prediction. It is further supported by measurement of Br(B → τ ν)
by Babar [6] and Belle [7] and gives(from PDG average):
Br EXP (B → τ ν) = (1.14 ± 0.27) × 10 −4 (3) which is 1.3σ above the SM prediction [8] . Now if we add the errors in R(D * ) and B(B → τ ν) in quadrature then the three data combined deviates from SM by about 4σ.
In this analysis we examine Higgs mediated flavor universality violation in a Flipped 2HDM with anomalous charged Higgs coupling to τ lepton. The outline of the paper is as follows: in section 2 we give a detailed analysis of Yukawa sector of Flipped 2HDM with anomalous charged Higgs coupling to τ lepton. In section 3 we give the decay rate and branching fraction formulas with form factor details.
Followed by Results and Conclusions in the section 4.
2 Flipped 2HDM with enhanced charged Higgs coupling to τ lepton.
The effect of Physics beyond the SM in Taunic B decays has been studied extensively, particular in the context of Type-II 2HDM but Babar [1] has ruled out Type-II 2HDM at 99.8 percent confidence level from the fits to the R(D ( * ) ) data for any values of tan β M ± . How ever Belle's measurements shows some comparability with Type-II 2HDM at about tan β M ± = 0.5GeV −1 but if we include the B → τ ν τ data also then it turn out contribution from such a large tan β M ± actually pushes the B → τ ν τ well over 5σ from the PDG world average. This is mainly due to the fact that since Type-I and Type-II 2HDMs interfere destructively with SM, in these type of 2HDMs only a large contribution from purely charged Higgs can have positive contribution from these models, but a large contribution from purely charged Higgs part that gives a moderate push to the R(D ( * ) ) pushes the B → τ ν τ beyond 5σ from the world average very fast. So only a 2HDM with constructive interference with SM like Flipped or Lepton specific 2HDM may be able to fit all three of the B-physics data R(D ( * ) ) and B → τ ν τ . But Flipped or Lepton specific 2HDM in itself does not fit because in these models the tan β dependence between m b and m τ in the interference between SM and charged Higgs cancels out and so there is no corresponding increase in contribution from interference part as tan β increases. To fit all three of the data we need to modify these models so that there is some extra enhancement in interference part.
Modifying Yukawa sector of Flipped 2HDM.
In general 2HDM the Yukawa lagrangian is given as [9] :
where ξs depend on the type of 2HDM being used and V 0 = 246Gev is the vacuum expectation value of the Higgs. But since we require a constructive interference of SM and Charged Higgs contribution to fit all three of R(D ( * ) ) and Br(B → τ ν τ ), only Lepton specific and Flipped 2HDM can achieve it. But contributions to the interference from just Lepton specific or Flipped 2HDM turn out to be too small to fit the three data simultaneously since the tan β dependence between m b and m τ cancels out in these models although they gives constructive interference with SM unlike Type-I and Type-II 2HDM. Some additional factor has to be introduce into these models so that it can fit the three data.
One simplest and straight forward way to achieve this enhancement is if we require that τ lepton is 
Finally the charged Higgs lagrangian contributing to b → clν in this model can be written in the most general form using Yukawa couplings derived from ξ f A s will be given as:
where
Note the relative negative sign between the hadronic current and leptonic current which will ensure constructive interference between SM and charged Higgs contributions. In this model, SM and charged
Higgs interfere constructive unlike Type-I and Type-II 2HDM models where they interfere destructively. In this modified Flipped 2HDM, the charged Higgs coupling to τ is enhanced by a factor of η than that of a simple Flipped 2HDM.
Then the effective langrangain given by charged Higgs exchange between the hadronic and leptonic currents for the b → clν l is given as:
And total effective langrangain of SM + charged Higgs for the b → clνl is given as:
where G F is the Fermi coupling constant and M H ± is the mass of the charged Higgs.
3 R(D ( * ) ) and Br(B → τ ν τ ) in the model.
The standard parametrization of the hadronic matrix elements for the vector current is given as
and the standard parametrization of the hadronic matrix elements for the scalar current is given as
where F 0 and F 1 are form factors.
Then we have for the B → D l ν l :
is the momentum of the D in the B's rest frame and g s , g s , f l s and f l p are taken from Eqs(7). In terms of the Babar's parametrization [1] we have
with ∆ = 1 ± 1 and
and common normalization factor V 1 (1) cancels in the ratios.
We take
where l here refers to µ or e.
B → D * l ν l
The hadronic matrix elements for the B → D * is expressed in the terms of four QCD form factors A 1,2,3 (s) and V(s) as:
from which we get using equations of motion that scalar current vanishes while pseudo-scalar current is given as:
Then we have for the B → D * l ν l :
is the momentun of D * in B's rest frame and g s , g s , f l s and f l p are taken from Eqs(7). In Babar's parametrization [1] we have
The FF are given as:
where z(w) =
and ρ 2 D * = 1.207 ± 0.028, R 0 (1) = 1.14 ± 0.07, R 1 (1) = 1.401 ± 0.033 and R 2 (1) = 0.854 ± 0.020 and common normalization factor h A 1 (1) cancels in the ratios and we take
Br( B
The total effective langrangain of SM + charged Higgs for the B − → τ − ν τ is given as:
and f τ s , f τ p are taken from Eqs(7). The hadronic matrix elements of pseudo-vector current is given by
and hadronic matrix elements of the pseudo-scalar current is given as
where M H ± is the mass of the charged Higgs and
Then we have for the B → τ ν τ :
with
and τ B is life time of B meson.
4 Results and Conclusions.
Results:
Although the η is an independent parameter but if we require that η = tan 2 β, then it leads to very simple interpretation of the results. If we require η = tan 2 β, then the Yukawa interactions in the hadronic sector of our model has the same form as in the Type-II 2HDM but interaction in the leptonic sector of our model has the same form as in Flipped 2HDM except the τ lepton coupling to the charged Higgs, which has same form as in Type-II 2HDM but with opposite sign. Now there are only two parameters to fit i.e tan β and M ± , and a χ 2 analysis with the R(D ( * ) ) and Br( B − → τ − ν τ ) as data points to find the best fits for the parameters tan β and M ± gives χ 2 min = 10.597 for M ± > 400 GeV. This M ± > 400 GeV constrain is from B → X s γ and latest estimate on the lower bound of M ± from B → X s γ is given in [10] . We have tabulated for three different values of the parameters that fits at same accuracy in the table below: Table 1 : χ 2 min = 10.597 and we have restricted the tan β in the range of 100 > tan β > 1.
As the data in the table above and combine errors from experiments given in Eqs (1) and Eqs (3) shows, in the range 1 Tev ≥ M ± ≥ 400 GeV and 100 > tan β > 1, we have:
and Comments : The same results can be achieved if b quark replaces the τ lepton in a Lepton Specific 2HDM. In that case Yukawa coupling of the leptonic sector will be same as Type-II 2HDM and
Yukawa coupling of the quark sector will be same as Lepton Specific 2HDM [9] except the b quark which will have the effective Yukawa coupling same as in Type-II with opposite sign. In that case charged Higgs mass may be allowed to be lower than 400 GeV and for a recent work on muon g-2 in
Lepton Specific 2HDM and related bounds see [11] .
